& Peterson (1942) . Takata (1929) , and Akasi (1939) isolated nucleic acid preparations. Claims have been made for the isolation of 'crude lignin' or 'ligninlike complexes' by Thom & Phillips (1932) , Phillips (1938) and Pinck & Allison (1944) . Porges (1932) and Schulz (1937) studied the effect of cultural conditions on mycelial composition but, for the most part, their fractions are quite arbitrary and sometimes misleading. The literature is summarized and discussed by Foster (1949) .
In this paper various analytical methods have been studied from the point of view of their usefulness in the determination of the chemical components, particularly the macromolecular ones, of a sample of mycelium of Penicillium grieeofulvum Dierckx, grown as a surface pad. This is not a normal or important components of the soil flora, but was chosen for this work, which will be used as a model for future investigations on the predominant component of the soil, because it was readily available.
No precautions were taken to separate spores, or to avoid autolysis, and values given are by no means claimed to be typical of mould mycelium. MATERIALS grieeofulvum Dierckx (BRL 374) (ex Prof. H. Raistrick no. P 38). Medium: Czapek-Dox (Raistrick), containing 7X5% crude glucose and 0-1% peptone. The mould was grown in earthenware culture vessels of the type described by Abraham, Chain, Fletcher, Gardner, Heatley, Jennings & Florey (1941) using 11. medium in each and an incubation period of 14 days.
Preparation of mycelium. The mycelium, received a few hours after harvesting, was spread thinly on sheets of paper, and by the following day most of the moisture had evaporated, but although allowed to dry at room temperature for over a month, it never became sufficiently crisp to powder satisfactorily in a small C. and N. (Christy & Norris, Chelmsford) laboratory mill (0-5 mm. sieve). However, there was no difficulty with mycelium that was dried thus for only 3 or 4 days, if placed in the hot room at 40°for several hours before milling.
A portion ofthe powdered mycelium (M) was exhaustively extracted in a Soxhlet apparatus with light petroleum (b.p. 40-60°), ether, ethanol, acetone and chloroform, in that order, and again dried in air (Me) Conway dish followed by nesslerization (Conway, 1947) . m-Amino-acid N was determined by the ninhydrin-titration method of Van Slyke, Dillon, MacFadyen & Hamilton (1941) at pH 2-5 and a reaction time of 8 min.
Total P. This was estimated by a modification of the method of Kuttner & Lichtenstein (1932) .
Carbohydrate. This was determined by the colour given on heating with orcinol in H2S04 using a glucose standard (Pirie, 1936 Amino sugar estimations. These were made on hydrolysates freed from the HCI used by repeated distillation in vacuo. The method of Elson & Morgan (1933) was modified by Mr M. V. Tracey of this department according to Blix (1948) and Immers & Vasseur (1950) . Amino sugar was also determined by distillation with saturated Na3PO4 solution plus sodium borate, and estimation of the NH3 produced by nesslerization (Tracey, 1951) .
Paper chromatography. One-dimensional, descending paper chromatography was used for qualitative and quantitative examination of the carbohydrate components (Flood, Hirst & Jones, 1948) . The sugar spots were developed with either ammoniacal AgNO3 (Partridge, 1948) or aniline phthalate in glacial acetic acid (Hough, Jones & Wadman, 1950) .
Colloidal material. This was isolated by dialysis in a cellophan membrane into frequently changed distilled water.
EXPERIMENTS AND RESULTS
In general, estimations were carried out, not only on whole mycelium (M), but also on mycelium that had been exhaustively extracted with organic solvents (M8) and then with cold and hot water followed by a further extraction with ethanol (M8w) (cf. Nucleic acid An estimation of nucleic acid N and P was made following the method ofSchneider (1945) . Trichloroacetic acid solution (12.5 ml. of 10%) was added to mycelium Ms or Maw (1 g.) which had been allowed to soak in water (5 ml.) at room temperature for 30 min., and the mixture stirred for 20min. After filteringwith suction through madapollam the residue was refluxed, first with ethanol, then with chloroform. The air-dried product was then extracted with 5% trichloroacetic acid (25 ml.), with the extraction tube standing in boiling water, for 15 min. After ifitering and washing, first with 5% trichloroacetic acid and then with water, extract and washings were combined. The cold trichloroacetic acid removed little more N and P from Ma than did water, and the extract from M8w was very slight. With hot trichloroacetic acid the amount of P extracted amounted to 110 mg./g. of total P in M, and of N to 70-100 mg./g. of the total N in M. Accepting the values found for phosphorus extracted, and assuming that nucleic acid contains about 10% P, this leads to a value of 8-0 mg. of nucleic acid/g. mycelium M.
After hydrolysis of M8 with N-H2S04 for 7 hr. in a sealed tube immersed in boiling water, ribose was detected in the hydrolysate by paper chromatography. Quantitative measurements using a known amount of xylose as standard showed the presence of about 1-0 mg. ribose/g. M.
Chitin
The presence of polyacetylglucosamine in the mycelium (10 g.) was shown by hydrolysis with 6N-HCI at 1000 for 6 hr. of the fraction of the mycelium remaining after extraction with 2N-NaOH. Following distillation of the acid in vacuo, glucosamine hydrochloride was isolated from the solid residue by rubbing with acetone, followed by two crystallizations from aqueous ethanol A mixture of the mycelium (10 g.) with 72% (w/w) H2SO4 (20 ml.) after standing for 2 days was diluted to 700 ml. and refluxed for 10 hr. However, chitin hydrolysed with 1ON-or 12N-HCI for 10 hr.
at 370 gave only 40% of its N as NH8 when distilled with sodium phosphate. Even after 48 hr. hydrolysis, no more than 50 % was obtained.
On the basis of these results, hydrolysis of mycelium was carried out by taking up the sample (100 mg.) in 12N-HCI (1 ml.). diluting after 2-3 days (when the mycelium was almost completely dispersed) with an equal volume of water and heating for 6 hr. in a sealed tube in boiling water. A small amount of black, insoluble material was formed, and care was taken to carry out estimations by the Elson & Morgan method on the clear, pale yellow or brown supernatant liquid.
In the case of mycelium hydrolysates the N volatile on distillation with sodium phosphate solution includes a proportion ofNH3-N derived from the degradation ofaminoacids and this must be allowed for. However (Table 5) If mycelium M contains 5.5% of chitin, it would have 1-2 % CH3CO. The higher percentage found in M itself must be due to the presence ofacetyl compounds or other materials giving rise to volatile acid on hydrolysis, among the fatsoluble components. No higher fatty acids than acetic were detected in the distillate by paper chromatography using the method of Brown (1950) . The titration figure was not reduced by the addition of KMnO4 before distillation, confirming the absence of formic acid.
Carbohydrate
To estimate the carbohydrate content ofmycelium by the orcinol method (Pirie, 1936) , which obviates interference from protein or amino-sugar, the sample is taken up in 72 % (w/w) H2SO4 (4-6 mg./ml.) by allowing to stand at room Table 5 Estimations of acetyl content were made by allowing the mycelium (50 mg.) to stand for several days in 72 % (w/w) H2SO4 (0 5 ml.), diluting to 12-5 ml. (to give an approximately N-acid solution) and heating in a boiling-water bath for 3 hr. After unsealing, the tubes were allowed to stand uncorked for about an hour to free the solution from volatile inorganic acid. No acetic acid is lost. 1 ml. of the solution, mixed with about 4 g. MgSO4. 7H20 (to accelerate the distillation of the acid; Olmsted, Whitaker & Duden, 1929) , was distilled in a Markham (1942) Only a small amount of colloidal carbohydrate is extracted by water from M or M8 (Tables 2a and b) , but larger amounts are dispersed by cold 2N-alkali. By precipitation of the alkaline solution with an equal volume of ethanol (Norman & Peterson, 1932) a predominantly carbohydrate material is obtained representing 10-15 % by weight of M and containing only 0-6-1-0% N. On hydrolysis with N-H2SO4 for 10 hr. in a sealed tube in boiling water, it was not taken entirely into solution, which contained only 600 mg. of reducing sugar (as glucose)/g. polysaccharide.
On hydrolysis for 20 hr., after preliminary solution in 72 % (w/w) H2SO4, 850 mg. reducing sugar/g. of polysaccharide were obtained.
The alkali-extracted mycelium, M.alk., contains about 74 % of carbohydrate (as polyhexose), associated with chitin.
M8s, taken up in 72 % (w/w) H2SO4 by allowing to stand for 2 days, diluted to give an N-acid solution, and hydrolysed for 20 hr. gave 73 % of its dry weight as reducing substance, calculated as glucose. Paper chromatography indicated the presence of glucose, galactose, and mannose, approximately in the ratio 10:1-7:1, and these three sugars were also present in M.alk., whereas the alkali-soluble polysaccharide contained only glucose. An osazone was prepared from a hydrochloric acid hydrolysate ofthis material (after removal of acidic and basic compounds with resin columns), identical in crystalline form, melting point and mixed melting point with an authentic specimen of glucosazone. Under conditions which readily yielded cellobiose octaacetate from cotton-wool cellulose, no such compound could be isolated from this alkali-soluble glucose polymer.
The presence of galactose in the mycelium was confirmed by oxidation with HNO3 of an HC1 hydrolysate of Me (3 g.) freed from acidic and basic material, and isolation of mucic acid, m.p. 211-212°(decomp.); mixed melting point with an authentic specimen 212-213°(decomp.).
DISCUSSION
The preceding results lead to the figures for the composition of the mycelium given in Table 6 . There is no indication that the mycelium contains 'lignin-like substances', and it is quite erroneous to suppose (as did Pinck & Allison, 1944 ) that the mycelium fraction insoluble after standing for 2 hr. in 72 % (w/w) H2SO4 followed by refluxing after dilution to 3 %, can be characterized as crude lignin. Even M.alk., which certainly after alkali extraction contains no lignin, requires at least 24 hr. to disperse completely. On dilution of the clear solution and refluxing, a small amount of black material is formed but this is an invariable artifact in the hydrolysis of material containing protein or amino sugar and carbohydrate. VoI. 5I
